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REPORT No. 335

AERODYNAMIC THEORY AND TEST OF STRUT FORMS—PART II*
By R. H. Sxure

SUMMARY

This report, submitted to the National Advisory Committee for Aeronautics for publication,
presents the second of two studies under the same titfle. In this part five theoretical struts are developed
from distributed sources and sinks and constructed for pressure and resistance tests in @ wind tunnel.
The surface pressures for symmetrical inviscid flow are computed for each strut from theory and
compared with those found by experiment. The theoretical and experimental pressures are found
to agree quantitatively near the bow, only qualitatively over the suction range, the experimental suctions
being uniformly a little low, and not af all near the sfern.

This study is the strut sequel to Fuhrmann’s research on airship forms, the one being a study in
two dimensions, the other in three. A comparison of results indicates that the agreement befween
theory and experiment is somewhat better for bodies of revolution than for cylinders when both are
shaped for slight resistance. The consistent deficiency of the experimental suctions which is found
in the case of struts was not found in the case of airships, for which the experimental suctions were
sometimes aborve sometimes below their theoretical values.

Along with these five theoretical struts were made three empirical struts of high repute, the British
strut given in Reports and Memoranda Number 183, the German strut Number 53, and the United
States Navy Number 2, and all eight tested for total resistance. Of the five theoretical struts, Number I
excels as a fairing, Number V as a strut. Number V and the United States Navy Number 2 hare

_about equal merit as struts, with the German Number 53 a close second and the British a poor third,
the relative merits being 100, 103, and 112, respectively, of Reynolds Number 12X 10%.

1 This part was submitted in May, 1929, to the Johns Hopkins University as a doetor’s dissertation. Part I wasreported in Refersnce 10.
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AERODYNAMIC THEORY AND TEST OF STRUT FORMS—PART 1T
By R. H. Ssmare :

INTRODUCTION!

In Part I of this study we were concerned, among other things, with the inverse problem
of finding a source-sink distribution whose flow boundary in a uniform stream was the surface
of & given empirical strut of high service merit, and then of finding the theoretical pressure
everywhere on the strut surface. We will now consider, in Part IT, the direct problem of finding
the flow boundaries, in a uniform stream, of a few balanced combinations of sources and sinks
whose types of distribution are predetermined, and then of finding, as before, the theoretical
pressure on the boundary surfaces. Strut models whose surfaces coincide with these flow
boundaries will then be made and tested in a wind tunnel for surface pressure and total resistance.

The direct-problem study is analogous to that made by Fuhrmenn on s series of surfaces
of revolution resembling airships. (Ref. 1.) Part IT may therefore be considered as the strut
sequel to Fubhrmann’s investigation, the one being a study in two dimensions, the other in
three.? Before beginning the study, however, it may be well to consider, very briefly, a portion
of the underlying mathematics leading to the basic equations of two-dimensional potential flow.

THE FUNDAMENTAL EQUATIONS

A general vector field, such as the distribution of velocity, V, throughout s moving mass
of fluid, can always be resolved into two component fields, each present as if alone. One of
these components, called the rotational field, arises from vortices and has curl but no diver-
gence, the other, called the irrotational field, arises from sources and sinks and has divergence
but no curl. The functional form of V for either component field is obviously fixed by the
condition of absence of the other; that is, in the rotational field, ¥ must be curl ¥, where F
is a vector, in order to have no divergence, and in the irrotational field, ¥ must be grad o,
where ¢ is a scalar, in order to have no curl.  Accordingly the rotational component field has
the equation '

curl V=curleuwl F.________ (1}
and the irrotational component field has the equation
div V=divgrad e (2}

Vector fields whose rotational components are absent are always expressed in terms of
scalar or potential fields as in equation (2) because of the great simplification of treatment
which ensues.® When this substitution can be made—that is, when the field is irrotational—
it is susceptible to manageable treatment even when the sources and sinks which produce it
are quite complex. _

The present study includes an investigation of the velocity and pressure in a uniform stream
of perfect fluid flowing symmetrically past each of five Rankine struts. The velocity field is
therefore produced entirely by sources and sinks; hence is irrotational and susceptible to analysis

1 Bee the generel introduction, Part I, Referencs 10.

1 Part I was suggested to me by Dr. A. F. Zahm ss suitable for a thesis.

3Tt should be recalled that there are special circulatory fields which are Irrotatfonsl and which are therefors expressible In terms of scalar fields.
‘These flelds are produced by line vortices which induce elrcumferential velooities Inversely proportional to the radil.
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by equation (2). If we assume the air to be incompressible,* and if we allow for the strength
of the sources and sinks enclosed by the closed path of integration, equation (2) becomes.

div V=div grad op=A%=0._._______.___ e e e e 3) .

Equation (3) is invariant to coordinate axes. If.we choose cylindrical coordinates for the
purpose of deriving the basic equations for this study, and if we assume for V axial symmetry
about, and un1form1t.y along 2z, equation (3) becomes,

A= ) ____________________________________________ e ()
P ap Pop Op . 4) ..
Since one is concerned w1th ¢ at finite distances, equation (4) may be written
Q¢
P’a_p' T M e e e m T . ——— T e e - (5)

In equation (6), Clnp is the potential due to a line source whose strength per unit length is
2 7 C ®and A is an added potential of a flow with no divergence such as the potential of & uniform
superimposed stream. If this uniform stream has the velocity U along « normal to the source
then A = Uz, because at great distances where the velaclty of the ﬁow from the source vanishes,
A satisfies the boundary condition, -
dp OA

V. =$— S :_U

Equation (6) then becomes

e=Clnp+ U e PRI ¢ § I

Each term of equation (7), being & two-dimensional potential, must have a conjugate which
satisfies the equation .
- et ip=f(2)

The conjugate to Clnp is seen to be €8 upon decomposing
e+iy=CIln z=Cln (p %)

into its real and imaginary parts, and the conjugate to Uz is clearly Uy upon decomposing,
etip=Uz=U{&+y).

Accordingly the velocity potential, ¢, and the stream function, ¢, of the flow from & line source
along z and of a superimposed uniform stream normal to 2, are given by the two equations—

e=0mp+ Up___.. e et e e e e e e . (8)

THE RANKINE HALF STRUT

Preliminary to the treatment of the Rankine struts proper, a study of the half strut, which
is produced by a line source normal to a uniform stream, will be made for two reasons; it will be
useful in illustrating, in their simplest application, the analytics and the graphics which will be

required in the strut development, and, secondly, it has considerable academic interest—of its _ .

own.

4 The correction to divergence due to adiabatic compression s neglislbly small in air Sowing past [} strut under ordl.nary ﬁlzht oondltions. '

(Ref. 8.)
§ The strength o{ 8 line source per unit length is 2 ¥4, From equation (5) gp = —p, hence the source strength per unit length {8 2« C.
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THEORETICAL TREATMENT

Let the contour of the half strut, which is the boundary surface between the source flow
and the uniform stream, be @ b ¢ d, and let the source be at 0, Figure 1. Choose any point p
inside, on or outside the boundary surface, and let pp, be its ordinate. e wish to express the
stream function at p. Since the stream function may be considered physically as a flux across
a line, & choice will be made at the outset between the arc pg and the ordinate pp,. Equation
(9), of course, gives the flux across the arc, and mathematically this is the better choice. How-
ever, the equipotential diagram of flux acress the ordinate (fig. 7) is more easily interpreted
physically and has a symmetry lacking in the diagram of flux across the are, due to a difference
in those parts of the diagrams pertaining to the second quadrant of the field.* On the other hand
the ordinate interpretation requires that the half strength, =0, of the source be deducted from
the stream function, ¢, at all points of the field. The deduction is required when § is greater
than% to convert y from a flux across the arc to a flux across the ordinate, and when less than ;
to compensate for the additional flux from the source across pp, as compared to that across rr,
(fig. 1) when a uniform stream is
superimposed.” Hence the deduc-
tion, C, while a simple constant
mathematically, is two constants

-d
physically, each of which should -
be applied to different quadrants
of the field, at different stages in a

the development and for different
physical reasons,

Since even in the cases of
distributed sources both parts of
the deduction are quite simple ones to compute, and since it seems best to clarify the interpre-
tation of the diagrams, which have a certain value in themselves, the ordinate interpretation
will be assumed and the deductions separated. This choice has also the important advantage
of following the procedure of Fuhrmann.

Having made this choice we may write equation (9) in two parts corresponding to the two
quadrants of the field,

FiGUrE 1

=—@—0+d z<op

Qe Qs

o+%~m >0
[

where a= s

The equation of the half strut, given by letting ¢ =0 and y=p sin ¢ in equation (10), is

T 0 _______ 11

e (1)
From equation (11), the bow, b, is at zp=—a. (Fig.1l.) QGoing aft, the boundary surface
intercepts the y axis at y,= :l:—a and approaches asymptotically the two planes y=t=a

Since the parameter a is clearly a measure of the dimensions of the half strut, a series of values
of @ will give & series of similar contours with the source line as their common focus.

§ When the arc has second quadrant magnitude, 8 for the arc diagram becomes —(x—¥) for the ordinate diagram, the minns sign indieating s
right to left flux across the ordinate.

7 Since beth rp and bcp’ (fig. 1) are streamlines, no fluld crosses efther and the flux across rr, is equal to that across pp’ or to that 8CT06S PPe
decreased by = C, the half strength of the source.

* Considered mathematically, equation (10} Is simply equation (9) with the constant potential—*C added In order that the body may have
the equation ¥m0 and then written in two forms so that, only acute angles enter, which avoids ambiguity In the sign of the trigonometric functions.
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Upon partial dlﬁ'erenmatlon, equat:on (10) glves, at each pomt of the field, the component- -
velocities

Ve-P-ofiv - "

2
v,- -0k

whose resultant squared is,

If one defines p, as-the full impact pressure of the stream and p as the superstream pressure,
or as the pressure above or below that of the distant stream, then, for steady flow,

21— (Z) ........................... S (1)

or

The curve of pressure Z‘? versus the distance # aft the bow, plotted from equation (14) in

Figure 5, shows that the pressure is a maximum at the nose, as usual, where it equals the full
impact pressure of the umform stream." Going aft, the pressure decreases rather sharply, passes

through its zero value at :v—§ and reaches & negative maximum from which it gradually

subsides asymptotically to zero.

At any surface element of the half strut, the pressure exerts on the strut a drag, pdy per
unit length, whose integral over any zone or strip of the surface is the zonal pressural drag.
(Ref.2.) If Dis the zonal drag per unit length, :

4]
D=2|pdy,
0, 4 ) )
or D=-2a p,,fpl—z(a+2p' cos ) (peos 8 do+sinfd p)eeccomm s (156)
6

After substituting for p its value a———v and carrying through the integration,® equation (15)

reduces to the simple form,

One observes from equation (16) that D=0, as it should, when the limits of § are 0 and =, that is
when the integration extends over the whole surface of the half strut. Going aft from the bow

the zonal drag sharply increases from zero to its maximum value at—ar=%s where the pressure

is zero, and thereafter vanishes asymptotically. -

9 The step-by-step operations in this and sabssquent integrations in this study are omitted Whﬂe for the most part the Integratlons are:
straightforward, they are nevertheless tediously long and distracting. They have been omitted everywhere, therefore, for uniformity and brevity,
aven though a cartain amount of mathematical continuity is sacrificed.
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Surfaces of constant speed Or pressure in the field about the half strut are found by solving ‘——_
equation (12) when a series of values is assigned to V. If one lets V=KU equation (12)

becomes,
o\ p
U2 (K’—1)=<?) <1+2 g 908 0),
from which,
2 9
P an)
2
It Fajl—=r’—c", and R‘QTI_—_G’ -

equation (17) takes the form
pP=r*—ct+2pccos b

which one recognizes as the equation of a family of circles whose centers are at points (¢, 0) -
and whose radii are the values aSSIgned to r. The radii of the circles and the abscissas of their
centers are simply

r= K¢ l
P S (18) -
C=K=—1J

It is interesting to note that the circle of infinite radius—that is the straight line—is the one
for which K=1, or for which ¥ is the speed of the distant stream. This line crosses the bow

at a:—— where the surface pressure is zero. The circles of constant speed or pressure are drawn

from equatmns (18) in the upper half of Figure 6.
GRAPHICAL TREATMENT

Due to its simplicity, the whole treatment of the half strut has been carried through analyti-
cally. When one passes to the more complex distributions of sources and sinks, however, the
analytical treatment becomes unmanagesable, and graphical methods must be resorted to. For
these more complicated cases the analytics can be carried without serious difficulty through
the determination of the potential at any point of the flow field, but suddenly becomes unman-
ageable when the equation of the equipotential surfaces is required. Beginning therefore with
the graphical determination of the streamlines, one of which is the strut surface, the determi- -—
nation of the velocity and pressure in such cases must be essentially graphical. In orderto @ - —
illustrate the method, it will be useful, to carry the simple case of the half struf through the _
first stages of the graphical treatment. —

Beginning with equations (10), values of : -

ﬂ=—(r—0)-=tan_lg—r, <0 ?
, T (19)
'%=0 =tan g, >0

are computed for various values of z and ¥, as listed in Table I and plotted in Figure 7. For a
series of values of 2 one reads from this figure the values of & 124 corresponding to the values of ¥

chosen, and deduects from esch value of%- the half strength of the source divided by ¢ when x

10 The subsceipt, I, Indicates a source as distinguished from the subscript, 2, indicating & sink, The primes Indicate that the stream function
coefficients, %.r have been reduced by the amount of the source-glnk strength (divided by CJ lying to the right, eecording to the first of equations
(10, but not yet by the amount Iylng to the left, required by the second equation. When the laiter deduction is made, the primes are amlited. ) - e

14397—30—7
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is positive, according to the second of equations (10). These values of 5 ¥ ol with reversed sign,

are then plotted ageinst y giving curves of constant z, Figure 16,
Figure 16 is used to give two sets of streamlines, those of the source flow, in general it wiil

be a source-to-sink flow, first alone, then combined with the uniform stream. The first are given
by reading the values of ¥ at which the & curves cross s give_«n% horizontal. In the case of the
line source these streamlines are simply radii. The second are obtained by reading the values of
y at which the 2 curves cross each of a series of straight parallel lines.

tb='U y+n A g__--_..__'-_'-___x.---__---.._......-__-_-_-. ______________________ (20) ’

drawn across the figure as shown. The intersections of the x curves with the line through the
origin—that i is, with the line whose n in equation (20} is zero—are cleatly solutions of equation

(10) when y is zero. _These intersections therefore determme the coordinates of points on the

P 2. .y boundary curve ¢ =0,
AN which is the surface of
\ N . _ the half strut. Similarly
NG >f  the intersections with the
P d  Jines n ==+1, £2, 3,
q .
e AN etc., are the coordinates
U ax Of successive streamlines

b\ o o (fig. 6) evenly graded from

the boundary curve, out-

a@-  wardly when nis (+) and

inwardly when =n is (—).

The diagram, given in Figure 16, which is the key to the whole graphical solution, was dewsed
and first used by Taylor. (Ref. 3.)

One defect of the diagram, just described is its failure to give the bow and stern points of

the strut. These must be obtained by auxiliary use of the velocity potential ¢. From equa-

tion (8)—

FIGURE 2

O0d (4
S =V,== 2T U
since p=z when y=0. But at the bow or stern V=0, giving
g 1 '
T T PR, e et (21)

as the relation between the bow or stern position and the value of g The hyperbola (21), is

plotted in Figure 7. )

The two sets of streamlines, those of the source flow, or in general those of the source- t,o-
sink flow, first alone, then combined with the uniform stream, are drawn as in Figures 22 to 26.
Let op Figure 2, be a typical streamline of the first set and ef a typical one of the second. At
their intersection, ¢, which may be any point-in the fiow field, on, inside or outside the boundary
surface abd, tangents to the streamlines can be drawn. These tangents, being coplaner with the
direction of the uniform stream form two sides of & velocity triangle, grs, whose third side is the
constant horizontal velocity U. Three directions and one side being known, the resultent
velocity V can be found. .

A good graphical method for solving a set of these tnangles at & number of gs along a stream-
line is the one used by Fuhrmenn. At all the ¢ points on & given streamline one draws on one
of two sheets of transparent paper laid, for example, over Figure 22, the tangents to one set of
streamlines, say the ef set, and on the other the tangents to the other set-of streamlines, 0p. The
two transparent sheets are then superimposed, one on. the other, and displaced, relative to each
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other, a distance U along z, so that the op set are in position o’p’ in Figure 2. The distances
gs =V are then read in succession simply by a scale, giving the resultant velocity along the stream-
line in terms of the uniform stream speed U.

Finally knowing the velocity, the pressure for steady flow is given everywhere by equation
(13). The pressures on the half-strut surface determined in this way agree with those given by
equation (14).

FIVE RANKINE STRUTS

THEORETICAL DEVELOPMENT

In order to derive a series of Rankine struts whose shapes resemble the shape of struts used
in aireraft, one needs a variety of distributed sources and sinks, particularly the latter. Follow-
mg the treatment of the line source, the formulas for the stream function coefficient,

-C,—: and for the velocity potential coefficient, & 0: will therefore be found for surface sources
having three types of strength distribution, the uniform, the linear, and the parabolic.

The three distributed types of sources require treatments which are sufficiently similar to

justify developing all three together. Accordingly the equations in the following development

will appear in triplets, the first of which is always for the uniformly distributed source, the sec-

ond for the linearly distributed one, and the third for the parabolic. They will be distinguished

in the development by the subscripts a, b, and ¢ respectively, added to the equation numbers.
Consider a strip of width, I, cut from

an infinite plane and beset uniformly with

line sources running lengthwise. If the

elementary line sources are equal in

strength the strip is a uniformly distrib-

uted source; if they have strengths propor-

tional to their distance from one edge of

the strip, the source is a linearly distrib-

uted one, and if their strengths are pro-

portional to the square of this distance,

the source is parabolically distributed.®

Let the total strength of the strip source

be 2x(C per umt length along 2. Then, clearly, an elementary strip, d¢ (fig. 3) has the

strengths, "u-O : 2xC 2%;25 and 2«

parabolic.
By equation (8) these elements at a distance £ from the 2 axis, add to the velocity potentlal

¢, at the point P, the values,

C =5 E d » according as the distribution is uniform, linear or

d"‘ ll, Inpdt,

Z_z Zﬂ.pfdf,
| =% Inpgdt,
Substituting the value of p and writing in integral form, these equations become
]
R AR L — e (222)
l
e I s L —— (22b)
(4
e I s L — (220)

1t Fuhrmann, Reference 1, nsed only the uniform and linear strength distribution.
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Values of “2 will be required only for the determina.tion of the bow and stern points of the bound-
ary surfaces for which y=0. Letting y=01n equatlons (22}, and mtegratmg, one obtains,"

——-—[(l eyl @—+ene—1]. (23a)
-3 I:(Z’—m’) In @—1) +2? Zm:—Z:c—z:l____.____-_--__-_..,-_-_-___________ @3b)
=%,;[aa #) -+ e—te-2-E @)

If equation (8) is. differentiated partially with respect to «, we obtain the equation for the
bow point,

V=a$(0) m( )+ —0_-__-__-;____-%______-'.___!__'-____-_--;- '(24)__

Differentiating equations (238) partially with respect to x and substjituting in equation (24) one
obtains,

g1 (Zn 2= Z) _____________________________________________________ (26a)
2 z—1

-3 a:ln——+l) __________________________________________________ (25b)
(ﬂn“’ Z+:d+p)_--_________~________. ______________________ @5c)

These are the relations between the values of g and the abscissas of the bow point, correspond-

ing to equation (21) for the line source. The graphs of equation (25a), (25b), and (25¢) are

found in Figures 8, 9, and 10, respectively.
By equation (9) the elementary strip, d¢, Flgure 3, ]Jkew1se adds to the stream function

¥1', at the point P the values,

&’ -1_Y
0 l(ta.n 13—_—2—1” dt,

3
=3 (tan - S —nr) 0,

where n=1 if 2<0 and n=0 if #2>>0. The whole stream function at P due to the source is

therefore,
‘(’l f -1 y
—-= -t B e e e e e e e e e e e —— 2
T otan x—EdE L (26a)
2
=—ftan R | (26b)
p o _E .
3 f 1_ Y e )
m—— - — Y e e ——— e e 2
B, ten Fop PN, R Frmmmn .- (26¢)
1t The integrated forms of equation§ Ezza) and-(.ﬂ“b‘), wh-en ¢is reta‘!.ned, are - T ’ T
a-3{3 0o mie-nrrme g in et —t—y (tan- ot E) ) : @'
-2 (D97 In (=Dl - @) In @) DL . —

where H—£ for the uniform source given in equat[on (23’8},
The values chosen for ¥ were, for all, 1, 42, +3, +4, +5, +86, +8, 410, +12, +14. The values chosen for z were in equation (288}, +5, -7,

-9, 410, +11, +18, +18, 420, 425, +-80, 485, 440, +50; in equation (28b}, for P=5, —40, —85, —30, —25, —20, —16, —18, -10, -7, ~5, —2, 0, +23,

+4, 46, +6, +8, +11, +18, +18, +20, +25, 430, +85, +40, +50; for =20, —40, —35, —89, —25, —20, —16, —18. ~10, —8, —5, —2, 0, +3, +5, +7,
410, +13, 416, +18, +20, -+23, +25, 480, +85, --40, -+50; In equation (280), ~40, —85, —30, —35, —20, —16, -13, ~10, =7, —5, —2, 0, 1%, 5, +7,
o, 10, +11, 18, +18, 20, -1-25, 30, +38, +40, +50. .

- u rm—e
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where,
L=x (1 —%) _______________________________________________________ (272)
Y=r (1 —%—: _______________________________________________________ @7b)
Ne=r (1 ) e @7¢)

is the amount of the source half strength downstream, or to the right of £.
Equations (26) integrate to the equations,

’ 2
% %:ctan“g—(a: Z)tan‘1 y +y Zn@—m;')%i—y, —L (28a)
7N o P -y -__
=g [ @) ten L @y tan -y ey g ),+y,] M. (28b)
""—C‘,=% 322 —3xl— @—1)* tan ! 428 tan 2—%1 (1—2z)

e A —— (28¢)

where I; is the bracket term in equation (28a) and I, is the bracket term in equation (28b).
Values of —0- have been computed from equations (28) for 10 values of y, for each of 13 values of

x, in the case of the symmetrical distribution, (28a), and for each of 26 values of z in the case of

(28b) and (28¢), and all for 7=10, in (28a) and (28¢) and /=5 and 1=20 in (28b).”* The values

I
of the stream function coefficients, ‘0—5: for the three distributed sources are given in Tables II,

III, and IV and plotted in Figures 8, 9, and 10.

The corresponding sink strips produce potentml coefficients of like magmtude but of opposite
sign. One has therefore only to change the sign of € from positive to negative in equations (19)
to (28) and in the corresponding figures to obtain the stream function coefficients and the

values of gfor the four types of distributions when used as sinks. The stream function coeffi-
cient of a sink is denoted l‘%

The combined coefficient of a source and sink, when both are equal in strength, is clearly
"bl—’z# which one obtains for any point in the flow field by simply adding the two stream function
coefficients produced there by the two independent flows. By carefully adding coefficients
taken from Figures 7 to 10 in a routine way, Figures 11 to 15 have been constructed, giving the

stream function coefficients and the values of 5 for the five source-sink combinations represented

diagramatically in Figure 4.

. The five combinations contain two series of three each, one series has a common source
combined with three types of sinks, the other has & common sink combined with three types
of sources. Combinations I, II, III make up the first series, II, IV, V the second. It will be
observed that no combinations are used giving vanishing source or sink strengths at the com-
bined strip edges, such as would result, for example, by rotating the sink in combination III
through an angle = about 2z at its mid-length. The edge of vanishing strength in such a combi-
nation produces & cusp at the bow or stern of the boundary surface. The surface then departs
too far from forms of high merit to justify its study. This contrasts with the three dimensional
case in which source-sink combinations having vanishing strengths at the ends produce boundary
surfaces of revolution free of cusps and of good airship form. (Ref. 1.)

1 Ses footnote on p. 732,



734 . REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Equations (28) and their correspondmg diagrams, Figures 8, 9, and 10, as well as the five

combination diagrems, Figures 11 to .14, give the stream function coefficients corrected only

for that part of the source-sink strength lying downstrea,m The physical interpretation of
these diagrams is clear.

Upon superimposing a uniform field on these source-sink fields the second deduction must
be made. The amount of the source-sink strength upstream (divided by (), must be deducted
from each value of 11'1_0__ giving values of —-U—as explained in connection with equation (10).
These deductions, however, are very simple ones to make. If the ordinate to the point in the
field, where the value of it %

read from graphs of eguatlons (27). If the ordinate stands on the sink strip, one uses the relation

is desired, stands on the source strip, the deduction may be

that the strength upstream is the same as that downstream, with reversed sign, and obtains the

deduction by reading the values as before from graphs of equations (27) but reversing the sign.

f \bl '[’2
T

After applying these deductions one obtains the same values of . as would have been

obtained had equation (9) been used and no deductions made. Krom this point on, the develop-
ments proceeding from equations (9) and (10} are the same. )
f ‘ll’l \[’2

0
constant x, for each of the five combinations. The diagrams so obtained are shown in Figures
17 to 21 and correspond to Figure 16 for the half strut, whose use has already been explained.
In each diagram, the straight line,

One next plots against y, the values o ) ]ust obtained, giving & family of curves of

through the origin, is so sloped as to intersect the uppermost 2 curve at a value of y which is the
desired half-thickness of the strut. To obtain the strut half thickness, the width and fineness
ratio ¥ must be known. The width is known approximately from the total strip width of the
source-sink combination. The fineness ratio was made approximately 3.5 which is common in

practice. i Having obtained the slopes, one draws across Figures 17 to 21 2 series of parallels

‘2, ﬁy+nA%, graded from the lme o Uy by mtegral multlples of A‘lé, ]ust as was donein Fxgure

16 for the half strut.
Following the treatment of the half strut the honzontals in Figures 17 to 21 give valueq

of z, y which enable one to draw point by point the source-to-sink streamlines, Vit %
These are drawn in the upper half of Figures 22 to 26. Similarly, the sloping paral]els give
values of z, ¥ from which one draws the resultant flow streamlines "—é,= const., one being the strut

=const.

form itself. These latter are drawn in the lower half of the figures. The values of z, y giving the

strut surface and including the bow and stern points obtained from the 7 curves of Figures 11

to 15 are given in Table V for each of the five struts. _

14 The fineness ratio 13 the ratlo of the etrut width and maxfmum thickness.
4 If one changes the slope of the line by assigning a series of values to -g equation (29), aserles of struts of varying fineness ratfo is obtained.
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FIGURE 4 F1GURE 5.—Surface pressure and zonal of half strut formed bﬁ a line
sourcs In oniform siream. D in pounds per foot run at 40 miles per
hour, standard inviseid alr

A | 4
. A ]
e T ——
g \

/
, //“”\\\\ ///
N

-\\ ‘_:.
] [~~~ 0"
B
P}
\\\ 16 L
- ——] 32 )
—— —
— 4 e
e —— [ —— 48
\\\ pod
-3 64
4 - — —
i |
& 50 %0 <%0 20 -« 20 40 2 4

x
Fraure 6.—Circles of constant speed and resultant streamlines for the half strut formed by & line source In a uniform inviseid stream



[EE FOR AERONAUTICS

736 " REPORT NATIONAL ADVISORY COMMI
v
[44
r
C

FIGURE 7.—% diagram for the line source

¥
%4
L'a -
c
- ¥,y
u #
[H T
R [ = T b = *7 : =
e ry L3 W T » 3 i
e
-4 [A
i ‘;v—"_ N N - I. s
.8 -
FIGURE s.—ﬁ dlagram for the surface source of uniform intensity
¥
[+
U - —
[4
I .
] N L
sl —— Yo re
4
v .. — o
-t 5 . < C— g ¥a7 >
24 28 E 3% o [} [
= = u
%k ST 4
¥ v

FI1GURE 9.—% diagram for the surface sourcs of linearly Increasing intensity



AERODYNAMIC THEORY AND TEST OF STRUT FQRMS—PART Il 737

Having constructed Figures 22 to 26, one obtains the velocity, and from the velocity the
pressure along any streamline by the method explained in the treatment of the half strut. The
velocity and pressure found st the surface of the five struts are listed in Tables VI to X. Finally

¥
[
/A
44
12}~ ) v
8- %\ <
. N
: AN NS =
- F_ 1 Va7 ESE
— 3 o v oF -
==
~N

FIGURE 10.—%’ diagram for the surface source of parabolically increasing Intensity

the pressures are plotted against strut width in Figures 27 to 31 and against strut half-thickness
for integration in Figures 32 to 36.

The theoretical resistance of each strut in inviscid air is the integrated pressural drag which
is proportional to the difference between the areas a, b, g, ¢, f, and g, ¢, g of the theoretical pres-

¥i+es

£ Mo

L~

Sl
P4
/

L 2,
FIGTURE 11.—"—‘0—"_"’ diagram for the source-sink comblnation No. I, Figure 4

sure curves in Figures 32 to 36. Since the theoretical resistance should be nothing, the areas
should be equal. When the two areas for each strut are integrated they are found to be equal
within the precision of the development. The magnitudes of the four components of pressure
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drag alongstream, which are the upstream and downstream push and suction, are given for both
theory and experiment in Table XII1.}® The determination of the pressure distribution over the
surface of the five struts completes the theoretical part of the study.

bt 4 4

£ Qg

177000
7

|
/

?,
FIGGRE 14.—%1"-’ diagram for the source-sink combinatfon No. IV, Figure 4

EXPERIMENTAL RESULTS i

In order to compare the theoretical surface speeds and pressures with the actual ones in
the case of air, models of the five theoretical struts were made and each subjected to resistance
and pressure distribution tests in & wind tunnel. Along with these five, three empirical struts
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Frover 15.—Y ¥ disgram for the source-sink combination No. V, Figure 4

of high repute were made, one British, one German, and one American, and their resistances
determined for comparison. The remaining part of the study will be devoted to a description
of the models and to an analysis of the experimental results.

15 The method used in Table XIT of analyzing into Its various components the resistance of a body moving through s fluld is dus to Zshm.
(Ref. 2)

it See opening paragraph under *‘ Experimental Investigation of U. 8. Navy No. 2 strut,” Part I. (Rel .io.)
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APPARATUS AND EXPERIMENTAL METHOD .

The wind tunnel used for these experiments was the United States Navy closed-circuit _
tunnel in Washington, which is equipped for force and moment measurement with Zahm'’s o
6-component balence described in Reference 4. The test section of this tunnel is normally L
eight feet square and when so arranged the tunnel is capable of maintaining air speeds well

» s » z A 2 Ed F 3 4 3 P
’ i

FicURE 22 —Strut No. T, with source-to-sink and resultant streamlines

above 60 miles per hour whose mean values are controllable within one-half of 1 per cent. The o
balance is capable of measuring an air force or moment of & thousandth of & pound or pound- —
inch. The manometer from which the surface pressures were read was a single straight glass B
tube inclined approximately 1 to 10 and connected to an alcohol cistern. Its readings in vertical

E ] - 2 4 > u y 2 A £ 4 * s E

Figurz 23,—Strut No. IT, with source-to-sink and resaltant streamlines

inches of water were carefully obtained by calibrating it against a water gauge capable of
mdma.tmg pressures smaller than a thousandth inch of water.

The total resistance of each strut was obtained by attaching it to the 6-component balance
which weighed its drag directly. The attaching holder was a thin 2-prong member whose
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5-inch streamline prongs entered the strut at midspan as illustrated in Figure 37. Large
separately supported end plates shielded the strut ends in both the resistance and the surface
pressure tests as shown in Figures 37 and 38. These plates had the effect of making the strut a
segment of a strut infinitely long and therefore of making the experimental conditions two

- . 2 » 9 n £ u + Ky Y E] Py ] A
X

F1GURE 2¢.—Btrut No. III, with source-to-sink and resultant streamiines

dimensional. No “coirection to the measured resistance was required, due to the pressure
gradient along the tunnel, since the gradient is zero at the test section.

The pressure at each surface point-was measured relative to the bow pressure by connecung
the two differentially across the single-tube manometer.” The. air speed of the general air

FioURE 25.—Strut No. IV, with source-to-sink and resultant streamiines

stream was obtamed by connecting the bow pressure and the static pressure of the distant air
stream"dlﬂ'erentlally across the speed indicating manometer. The static pressure of the stream
was collected from the lateral perforations of a standard pitot-static tube placed sufficiently far
abreast the bow of the strut to escape appreciable interference. .

17 When the forward rest point is known it furnishes a convenient and accurate reference for pressure elsewhere on the surface, since the pressure
there Is always §p V2.
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FIGURE 26.—Strut No. V, with source-to-sink and resnltant streamlines
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Fieore 28.—Experimental and theoretical point pressure, pfp», over surface of strut No, II
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FIGURE 20.—Experimental and theoretlcal polnt pressure, p/pa, over surface of strut No. II.
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FIGURE 30.—Experimentsl and theoretical point pressure, p/ps, over surface of strut No. IV
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FIGTRE 31.—Experimental and theoretioa point pressure, p/ps, over surface of strut No. V
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The eight strut models were constructed of laminated wood and finished alike to a high
polish. =Strut Number I of the theoretical series of five was made of mahogany, the other four

were of cherry at the bow and white pine at the stern. The three empirical struts were of white

8@ ond fo
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pressure, inches of water af 40 MPH.
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"Poin7l'
"

a3
»
L
i

FIGuRE 36.—Experimental and theorstical i)olnt pressure versrzs .strus half ihiokness-for stru't' No. V

~ }
~—— -

pine only. The latter are designated R. & M. 183, being the British strut first given in R. & M.

183, but here changed from fineness-ratio 4 to 3.5 (ref. 7).

Number 53 being the best German

strut reported in Reference 5, and Navy Number 2 the best strut which has so far been developed

FIGURE §7

at the surface points where pressures were t0 be measured The ends of the tubes were then

in America. (Refs.2 and 10.)
All eight were 60 hy 10% by
3 inches with sections con-
forming to aceurate metal
templates made from the
ordinates in Table V. Final

measurements of the struts.

agreed with the specified or-
dinates everywhere well
within 0.02 inch, the average
error of course being much
less.

At an esrly stage in the
construction of the five theo-
retical struts small copper
tubes were inlaid running

finished with the wood, and finally in the finished strut presented a row of pressure collectors 1
millimeter in digmeter, accurately located and quite smooth. Care was taken to remove all
roughness from the inner edge of the collectors. . The location of the collectors is given in Tables

in ﬁmshed form.
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RESULTS

Table XT gives the results of the resistance tests in three froms—the resistance in pounds,
the resistance coefficient based on frontal area, and the drag-strength ratio based on sectional
moment of inertia. The two latter forms indicate merit of two kinds; the coefficient, Cp is a
measure of merit of a strut form when its thickness is the major consideration; that is, when it is
used as a fairing for round tubing or cable; the ratio /] is & measure of merit when the strut is
used in the usual way as a compression member of sufficient length to be susceptible to lateral fail-
ure as a column, Referring to Table XTa and Figure 39, Strut Number I has the greatest merit
of the five as a fairing, but is poorest as a strut. Likewise Strut Number V has the greatest merit
as a strut, but is only second best s a fairing. Furthermore, Table XIb and Figure 40 show that
theoretical Strut Number V and the Navy Number 2 have about equal merit either as fairings
or as struts and that Number 53 and R. & M. 183 follow in order of merit, the one having 3 per
cent the other 12 per cent greater J/I than Number V or Navy Number 2 at R. N. 12X 10%

The results of the pressure-distribution tests on the five theoretical struts are given in Tables
VI to X in four forms: First, the point pressures referred to the bow pressure as zero are given as
read in inches of aleohol along
the inclined manometer tube;
second, the pressures given in
the first form are converted to
vertical inches of water; third,
those in the second form are
referred to the bow pressure as
Y 72 finally, those in the third
form are referred to the bow
pressure as unity. The pres-
sures in the third form are
plotted along with the theo-
retical pressures against the
strut half-tbickness, y, in Fig-
ures 32 fo 36 for use in inte-
grating graphically for the
four elements of pressure drag.
The elements of pressure drag
are listed in Table XII for
both theory and experiment.
The values given show how smeall a residue the pressural drag is of the total upstream
and the total downstream pressural forces acting and indicate the difficulty of such analyses.
The table indicates that the whole drag contains from 40 to 50 per cent prassural and from 60 to
50 per cent frictional drag, when the air speed is 40 miles per hour.

.The pressure coefficients, given in the fourth form in Table X, are plotted along with the
theoretical pressure coefficients against the distance aft the bow in Figures 27 to 31 and show
graphically the agreement between theory and experiment. In every case the experimental
pressures were a little less than the theoretical over the suction range and rather uniformly so
except near the stern, where the discrepancy increased and agreement became rather bad. As
usual the pressures agreed near the bow and disagreed widely at the stern where the measured
pressure is only one-fourth or one-fifth the theoretical value. For each strut the maximum suction
occurred at the same position on the surface in both theory and experiment and moved aft and
decreased in magnitude as the average strut ordinate shifted from strut to strut toward the stern.

FiGURE 3§ -

CONCLUSIONS

Comparing Fuhrmann’s results (ref. 1) with the results of this study, one finds the agree-
ment between the theoretical and experimental pressures over the surface of low-resistance
shapes rather better in three dimensional flow than in two. The consistent and uniform defi-
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ciency of the experimental suctions found for struts does not appear in the case of Fuhrmann’s

airships, for which the experimental pressures were sometimes above, sometimes below, their

theoretical values. While the experimental pressures at the stern agree with theory better in
the case of struts than in the case of airships, the defect may be less serious for airships, from
the standpoint of pressural drag, because of the relatively smeller surface area affected. Also
for airships the maximum suction by experiment came at a surface position aft that by theory,
while for struts the two positions are found to coincide. In case of either airships or struts
the functional cheracter of the pressure distribution is strikingly similar in theory and experi-
ment and leaves no doubt concerning the validity of the Rankine method.

From the standpoint of practical merit, Strut Number I seems to excel as an air fairing.
For column use in aircraft, Strut Number V is equally as good as the Navy Number 2 which
is the best empirical air strut so far developed. These two are found by comparative test to
be followed closely in merit by the German Number 53 and to be considerably better than the
British R. & M. 183, the relative order of resistances being 100, 103, and 112, respectively, at
12X10* R. N. .

It may be well to point out that these strut studies leave the air strut in & rather unique
position compared to the airship. In contresting their aerodynamic status, one finds that no
theoretical airship form of high merit has been found, while a theoretical strut has been found
whose merit equals that of the best empirical strut. One finds further that the theoretical
flow is known about no airship of good form, excepting the approximate flow about a rigid air-
ship form found by v. Karman (ref. 9), while the theoretical flows about the two best struts
are now known and about one of these by two wholly independent methods.
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TaBLE I.—STREAM FUNCTION COEFFICIENTS, ‘%’, FOR A LINE SOURCE FROM EQUATION 19)
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TasLe IL.—STREAM FUNCTION .COEFFICIENTS, %’: FOR A SURFACE SOURCE WHOSE
STRENGTH IS UNIFORMLY DISTRIBUTED FROM EQUATION (28a)
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+40 .029 . 087 . 086 115 L1483 | a1 .228 . 2330 | 7 o.aedtl — .
+50 +.022 +.045 | 067 +.089 | 4111 |73 134 178 +.220 +.263 +.303 :

Tasre III—STREAM FUNCTION COEFFICIENTS, 'p—(‘;, FOR A SURFACE SOURCE WHOSE
STRENGTH. INCREASES LINEARLY ALONG THE WIDTH FROM EQUATION (28b)

=5 -
¥ .
k4 — < -
. = 5 et
1 L2 3 4 5 8 8 10 13 1€
—15 | —0.0200 | —0.0497 | —0.0702 —0.1152 | —0.1800 | —0.1850 | —0.2384 | —0,2789 -
~3 | —.0216 |° —0s25 | —.0800 — 1828 | o157 | —.2005 |. —2500 | —.3010
—30 | -—u020 | -.0800 | ~—.0020 -1 1800 | — - — 3400
~25 | —ga8s | .—0s80 | —1088 ~74 | - | —me0 | - — 3002
—20 | —o083 | —0%04 | —.1288 —mod | C—hame | im0 | =208 | —4mo .
—16 | —o0s6 | —102 | — 1549 - —380 | —.3m8 | —.4g78 | 3360 -
13 | —osor | —1220 | —1830 2086 | 3627 | 4530 | Z.5630 | —.0404
~10 | —070 | —1508 | - —l 2047 —3615 | .- 4284 | —.b430 | —.6660 | —.7368 )
.| —oo — 2030 | —.2%8 ~. 4552 5 | —Zeeds | —7ro0 | —sea4
-5 | —1222 | —385 | —3518 87t TTems | i | —lsmer | —a6R0
—3 | —1062 | —.3757 | —.B22r om0 | Siiessy | —iess3 | -1 ~1. 1543 ,
0 | —aes |- —seor| —iToss ~10000 | “reopss | —L1818 | —L25% | —L
42 |- —a2 | —be3l | —.asm —.8168 . —o051 | I — 9572
4000 | +oamr |+ +a1ss | Hisee | 43800 | 9748 | +.9%96 v
+5 | 7040 | 9585 | 11088 12640 | £1.300¢ | 13701 LAT | L3 _
+8 4174 | +.6999 1.0988 e | nas0 | L | Lo -
+8 280 | Loy 5908 +- 8350 omg | HLose | FL1 | f1 L T
in . 1828 im 4. 3768 <6750 6722 i sus | i 9218 10084 ' "
181 F1040 2071 2050 . 4815 5682 -60a5 | Lisod8 . 9062 =
+18 6700 1568 +.3805 s | e | Lo 7608 kN
12| e . 1201 2 474 4422 | {545 , 6260
+25 .0483 | +.0066 | 1390 “Fidd 2802 T T . 5027
430 | 0330 | o769 + 1780 2008 8L | ol
435 | +.0008 | +.0870 0960 +3577 1787 2438 | 43011 . 3606 _
+40 | s | o1 41203 . 1565 a1 | o | am )
l +50 | 0202 0404 ity +.1050 1254 1067 2172 | +.259 o
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TaBLE IIL—STEAM FUNCTION COEFFICIENTS, %‘:, FOR A SURFACE SOURCE WHOSE
STRENGTH INCREASES LINEARLY ALONG THE WIDTH FROM EQUATION (28b)—Con.

=20

\ - - —

. Y
. £
; 1 2 3 4 & & 8 10 12 14
i . - -
| —0 ! —0.0189 | —0.0380 | —0.0888 | —0.0747 | —0.048 | —Q.I120 | —0.1407 | —o.1s67 | —0.2200 | —0.2501
. —85 —~ 0210 ~. 0420 ~. 0626 -~ ~. 1051 —. 1241 — 1654 | — 2053 —. 2448 - -

-3 | - —. 0470 ~. 0600 ~. 0909 ~.1165 ~.1379 — 18535 | — 2204 —. 2001 —.3181

—25 —. 0267 -~ ~ 0756 ~—. 1055 ~. 1315 — 1574 — 2141 —. 2588 | —.3076 | —.3556 :
t—20 - ~. 0610 ~. 0018 ~.1281 — 1520 — 1817 | —2404 | — 32061 —.3519 - —
| —16 | —0351 | —0:00 | ~—1049 | - 1395 | ~—1I/BL | —2075 | —2732 ; —.3365 | —4951 | 45 -
i —I3 —0304 | ~ 0S8 ~ 1177 —. 1563 — 1081 —. 2318 —.2505 | —. 8701 — 4576 | —. 5001 T2—
| Z10 P — D451 ~.08% — 1341 ~. 1780 ~.2200 — 2630 | —.3438 | —aM —. 4809 —.5552 -
=7 ' 059 ~ 1029 ~—. 1565 ~—. 2065 —2562 | ~. — 3041 -T2 | - —.8219

-5 . ~.0397 | ~. 1185 ~.1765 — B2 | — 28 - —. 4363 —_ 5245 —. 603§ —. 6744

-3 . —0757 ~. 1485 ~20t |~ —.3512 - —.5188 |, —.613 - —. 7872 -
[0 —0982 |~ 1840 ~—. 2669 ~. 340 - — 4704 | — 590L —. 6869 —. 7696 -

ﬁ | —18 ~. 2164 ~. 3074 —.3834 | ~-.4635 | — 5308 —. 668 | —.T43] —.8240 —. 8018
' | 1199 ~. 2961 —.3105 — 4024 —. 4769 - — 6514 | —.T400 —8114 | —8i00 -
©45 .~ L4l ~.18%8 —3017 | ~.3701 —. 4458 | — 505D —.5911 —. 6796 —. 7408 -1 —
P48, —.0024 ~. 1712 ~—. 2383 —.2950 —.3435 - — 4756 | — 5000 —. 5377 —. 5674
A8 o2 092 | 122 — 444 | <2619 ~—. 1740 —. 1748 —. 1701 —.2100 — 2077
P41 . 0428 X 40124 | 1008 3 41522 | 1810 +. 3165 . 2726 o

+18 | 421018 | 1972 .2 EYIV I 4448 + 4 | 48514 . 6812 -
. H16 3035 4755 . 46960 | ~.73680 +.8648 9633 1 | FL087 | L1506
|20 | 1602 L3040 | . 4268 L5304 | +4.6241 6014 .8180 | +.9186 1 [ L0504
: m . 4.1008 . 2046 L8783 | 44543 +. . 8573 +.7519 : +.9065
| + 21200 | 1884 9522 | +.3430 | .3668 | 4718 I si2d | L7207 st e
s N 4.0067 | 1485 . 1901 2369 | +.2809 . 3666 . L5280 | +4.5879 . -
: r‘g I o7 [ +oomid . 0884 . 1482 . 1856 42264 | 2085 | 3421 | 438 | 4930 T
| | @7 | 40549 40837 | 1116 | 1301 41850 | 2170 +.2709 | 4+.3208 | 3681 : :

TasLe IV—STREAM FUNCTION COEFFICIENTS, %—I: FOR A SURFACE SOURCE WHOSE o
STRENGTH INCREASES PARABOLICALLY ALONG THE WIDTH, FROM EQUATION (28c) T T

=10
v )
X -
1 2 3 4 5 6 8 10 12 14 N
—40 | —0.020 | —0.080 | —0.060 | —0.080 | —0.101 | ~0.121 | —0.182 | —0.206 | —0.250 | —0.288
—35 —.02L —.042 —. 066 —.002 i —.11I8 —.142 —. 190 —. 20 —.281 -
—80 —~.024 - —.080 —112 | —138 —. 160 —.219 —. 268 —.318 —.356 -
—~25 —~.030 —.062 —~.095 —. 133 - —. 188 - —. 310 - —. 407
—20 —~. 037 —.07 —.115 —. 155 —.187 —.221 — —. 360 - —.475
—18 ~.046 —. —.140 —. 180 —.218 —.255 —.337 —.413 —. 482 —.540
—13 —~.052 —.102 —. 150 —. 200 —.245 —.258 —. 386 - — —. 6502
-10 - —.119 —.177 —. 230 —. 39 —.327 —. 436 —. 536 —.611 - -
-7 -0 —.143 —. 211 — 22 —. 533 —.392 —. 505 —. 622 —.7 —.788
-5 - - —. 238 —. 811 -39 ] =40 —. 568 - - 780 —.844 -
—2 - —.218 —.216 - —.479 —. 568 —. 702 —~.817 - —. 06 -
0 ~. 150 —.28¢ — 408 —. 605 —. 54 —.653 —. 825 —.082 | —L022 { —L T
+2 —.217 —.381° — —.848 —. 744 - — 95 } —L080 | —L12¢ | —LIT7 e
-~ 258 —.416 —. 555 —. 847 —.710 —. 767 —.837 —. 900 —. 047 —. 917
T —. 192 —. 280 —. 283 —. 283 —. 808 —.414 —. 418 —~.AT3 —. 487 =, 500
9 +.154 +.218 +.310 -}-. 390 -F. 437 . 430 . 835 -+. 581 -}-. 632 -}~ 682
+10 +. +.832 975 ¢ +L076 | +L151 | L2183 | F1.208 | +1.336 1,368 [ 4L401 -
+11 4851 | L.g05 +.772 +. -.990 | -FLo038 | +1183 | -41.243 1,288 | +L -
13 +. +.378 +.525 +. 650 +.738 +. +. 41006 | +1.130 | +1186 -
16 4. 122 +.242 +.340 +.487 +.520 +. 601 +.75 i.saa +.040 | L0
20 +.082 +.154 +.233 +.2318 +.870 . . 678 . 770 1.343
+25 +.063 . 118 +.170 +.228 +.273 . 825 432 +.525 . . 648 -
0 +.045 . 088 +.132 +.175 +.217 262 340 420 . +.555
35 +.038 +.072 +.100 . 142 +.178 +.219 +.270 . 352 . 413 4. 475
+40 +4-. 030 -+.060 . . +.151 . . 209 . i 415
+50 +.023 +.046 +.0¢e +. +.115 137 +.182 . 280 . .320 ]
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TasLE Va—ORDINATES GIVING THE SURFACES OF THE FIVE RANKINE STRUTS
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TasLe Vb.—ORDINATES GIVING THE SURFACES OF THE R. & M. 183 (BRITISH), NO. 53
(GERMAN), AND NAVY No. 2 (AMERICAN) STRUTS

I—THEORETICAL AND EXPERIMENTAL VELOCITIES AND PRESSURES ON THE
Taeee ¥ SURFACE OF STRUT No. I AT 40 MILES PER HOUR

Experimental

Veloelty

=G0 =19 =T O W 00 O GC W

egegsddcsdgngdd

P/Pn

a8t m SRR

Pressure
| »

@

®

Theoretical

Bips

Pressure

tvaauy

RO O CHOD G0 D W H oo

oRedEEEdEddSNs

Hole pbs[tion

wmmmmm@mmm

i s S g

Hole
No.

123‘.5078901”8‘.
v et v

! Inches of water vertleal.

t Inchres of alcohol 1 to 10,
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t Inches of water vertlcal.

AERODYNAMIC THEORY AND TEST OF STRUT FORMS—PART II
SURFACE OF STRUT No. IT AT 40 MILES PER HOUR

1 Inches of alcohol I to 10.

TasLe VIL—THEORETICAL AND EXPERIMENTAL VELOCITIES AND PRESSURES ON THE
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Tapre X.—THEORETICAL AND EXPERIMENTAL VELQCITIES AND PRESSURES ON THE.. .. .. .. C
SURFACE OF STRUT No. V AT 40 MILES PER HOUR '

Theoretieal ) '_"" Exb_ér!mehtal o
Hole posifion - - - —
%"g? " Pressure ’ " " Pressure .
- Velootty — e e im—r—t——eme—et Veloclty
z Ty _ p Pipa ORI A T -

1 o |6l e | 40w | +roewo | o 0 | to7r | 000 0

2 .100 328 | 8.7 —447} —a39 | .48 | 28,7

3 ~300 8.5 | 4057 o | —eexr] —72 | 080 078 ®.5

¢ 550 4y | Tipa | Tloar | 1238 | —e76 | —1m | . —240 | ke

5 1880 434 | —isea | —85 | —lzeo | —vLoe | —382 | lem a7

6 1 1300 5Lz | — —8i0 | —16.85 | -1297 | — 40 | -850 49.9

7 | 2100 §3.2 | —.608 | —.70 | —17.14 | —1.B8%3 | —.508 | —.719 52.5

8| 8.840 B0 | — —8%9 | —lge0" | —1.310 | —.528 | —.A6k 516

9 | 5240 B.2 | —4p8 | —.50 | —15m| -1 - —. 563 50,0

10 | 680 82 | —388 | —ap2 | —1ed0"| -1 | - —dd3 481

1 | sdeo 51 —ms | <o | - | e | —1 | -1 34

12| 622 495 | —1w0 | -1 | -6 | -7 +. 002 003 39.9

13| 9.0% 7.4 193 | 188 | —T.85 | —.620 | 167 2213 35.5

14 | 10.350 30.1 43¢ | bs2 | —740, | —o84 | 423 | +.2% 345

IInches of alcohol, 1t0 10, * Inches of water vertical. ’ ' T

Tasie XIa.—RESISTANCE VALUES PER FOOT RUN FOR FIVE RANI\INE STRUTS AT
VARIQUS AIR SPEEDS AND ZERQ. PITCH AND Y

pesd ) — v | wz - i
8 1 . )
mpﬁl I o | m | v | v | @ | 5]
es o ] B 2 . .
per bour |7 ; . A seq ;XIOI" : . -
: -Drag, D, in pounds per foot run ’ - .- . S -
- - ol A = N tL S e
20 0.0240 | 0.020 | 0.0258 | 0.0240 | 0.0238 7.34 4,40 T
30 . 0488 . 05632 . 0334 L0404 L0472 1 1L.00 6.589
- 40 . . 0788 . 0876 . 0888 .0834 | .0801 14.67 8.79
50 .1180 .1820 . 1362 . 1260 L1204 18.34 10.68
60 L1700 |0 .1858 . 1940 A2 L1740 2.00 18.18
2Dy - o ) : RS
Drag wﬁmdmt Cp™ PA Vl’ R . - .
0940 . 1018 . 1010 . 0040 . 0831 7.84 4,40
30 . 0845 . 0028 ..0020 . 0869 L0821 IL00 . 6.59
40 Q772 . 0858 . 0870 . 0817 . 0784 14.67 8.79 -
50 . 0743 . 0826 . 0861 .0789 . 0758 18.34 .10, 68 ;
80 . 0789 . 0808 . 0844 . 0780 .0758 22.00 1318
N D Ib.ffoot a
Drag-strenzth ratio, I;’ (,;let)‘ B
. . . r el
. 2. | 2 | @ | w0 | 08 | 7. L4
30 08.62 89, 50 84,67 82, 04 11.00 6.50
40 151, 80 147,51 140. 80 138, 50 13157 14,67 8.79
80 229, 24 222.28 215. 95 209. 26 19797 18. 10, 08
' 60 337.49 312,88 307. 60 207.60 22.00 13,18 N b
: Bectional moment of inertia I, in4 T
I L i
! .- . =
i w784 | 12814 | 18.078 | 12.486 | ‘13.624 _
s 5= r L4 - { ) -

Ly=strut thickness in feet =;.

Awmfrontal area of strut in ft.2/ft. =3, : .. —
Vi=afr gpeed in feet per second. .

p/r=0.00237 sluf »u=(,0001670 (ft.)/sec,

Ii=moment of inertia In ft.1
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TasLe XIb.—RESISTANCE VALUES PER FOOT RUN FOR RANKINE STRUT NO. V COMPARED -
WITH THOSE FOR R. & M. 183 (BRITISH), No. 53 (GERMAN), NAVY No. 2 (AMERICAN) '

Strut
Air ?eed . V1 L1 VI L‘l
in miles |R-&M.183{ No. 53 Navy 2 A (ft.)2 >
per hour | - sec. X10
Drag, D, in pounds per foot run
20 0. 0258 0. 0243 0. 0240 0. 0238 7.34 4 40 . - .
30 . 0544 . 0484 . 0472 . 0472 11. 00 6. 59 L i
40 . 0912 . 0818 . 0796 . 0801 14, 67 8. 79 -
- 50 . 1390 . 1230 . 1208 . 1204 18. 34 10. 98 . ,
60 . 1938 . 1778 . 1748 . 1740 22. 00 18.18
{ Drag coefficient Cp—p A7 . —
P90 1010 | o9t | .ost0 | . oss 784 4 40 -
30 . 0945 . 0842 . 0821 I . 0821 11. 00 6. 59 -
40 . 0893 . 0800 L0779 1 . 0784 14. 67 8.79
&80 . 0870 . 0769 .0765 | .0753 18 34 10. 98 B
60 . 0844 . 0774 . 0761 I . 0758 22. 00 138.18 T
! ST =
) : .. D lIb./ffoot ' : S
Drag-sirength ratio, T Tf—éOW . :
20 43.09 40. 99 39. 90 39. 09 7.34 4 40
30 90. 85 81. 85 78. 46 77. 58 11. 00 6. 59
40 152. 31 137. 99 132, 32 13L. 57 14. 67 8. 79
50 232. 15 207. 50 200. 48 197. 77 18, 34 10. 98-
60 323. 67 299. 94 290. 58 285. 81 22. 00 18. 18
: Sectional moment of inertia I in.t
; .
| - R M
i 12. 416 12. 292 12. 474 12. 624 LT
Taeiz XII.—ALONG STREAM FOQRCES PER FOOT RUN OF STRUTS IN 40 MILES PER HOUR _ T
AIR SPEED .
. Downstream TUpstream =
! Strat Prossural (Prictionsl]  Jocr -
No. h Total Total |Pr=Ei— dﬂ'f D=Dst .
3 Pus Buction oy Push | Suetion 1 p el r
§ . Pou.nds_ per foot run
B I 028! aze | osz | ooss | o4 | cem 9 0 0
o L9281 .23 . 504 .10 .398 506 | —.002 0 0
m -201 . . L1468 .358 504 | —. 004 0 o
v . 256 181 437 L0089 -838 437 0 0 0
v 229 a4 .43 122 .320 42 | +.001 o 0 -
Pouands per foot run .
I .313 L164 AT .036 382 .438 . 089 .040 079 =
I . 288 .160 448 - 085 413 035 053 .088 -
= o .2%6 156 452 -083 .333 .418 .08 053 089 .
- v . 264 187 421 .080 308 -388 .083 .050 .083
g v .33 172 404 .084 289 .87 -081 049 . 080 e
g Per cent of total measured drag, D -
B I 301 205 506 70 477 547 4 &L 100 T
o 327 182 509 74 303 480 40 60 100 :
m 332 178 507 3 374 467 39 61 100 :
Iv 318 189 507 %6 371 467 40 ) 100
v 200 215 505 105 361 486 39 61 100 , L




